" Searching PAJ 



1/1 ^ — V 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 06-251 790 

(43)Date of publication of application : 09.09.1994 




(51)Int.CI. 



(21 Application number : 05-032261 
(22)Date of filing : 22.02.1 993 



H01 M 8/04 
H01M 8/24 

(71) Applicant 

(72) Inventor : 



TOSHIBA CORP 

MITSUZUKA TAKAMASA 
SEGAWA NOBORU 
UENO SANJI 



(54) FUEL CELL 
(5 7) Abstract: 

PURPOSE: To provide a fuel cell which is excellent in 
power generating efficiency and by which stable and high 
fuel cell performance can be maintained over a long 
period of time and which has the long service life by 
uniformizing temperature distribution of a sub-stack, and 
setting an operation temperature of the whole laminated 
body at a temperature closer to an allowable 
temperature. 

CONSTITUTION: Plural unit cells 12a-12f and separator 
plates 13a-13e are laminated alternately upon each 
other, and a sub-stack 14 is formed. The sub-stack 14 
and cooling plates 11a and 11b are laminated in a 
plurality alternately upon each other, and a laminated 
body is formed. A thickness of the separator plate 13c in 
the laminating directional central part of the sub-stack 
14 is made thicker than the other part. Or a cross- 
sectional area or a gas contact area of a reaction gas 
flow passage of a unit cell 12c in the laminating 
directional central part of the sub-stack 14 is made 

larger than the other part. Or a heat radiating plate 21 is interposed between th 
and 1 2d in the laminating directional central part of the sub-stack. 





e unit cells 12c 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An electrode of a couple which forms a reactant gas circulation way in a field of 
another side while making one field of an electrode substrate support a catalyst, Make those 
catalyst surfaces counter, arrange and a unit cell is formed across an electrolyte layer between 
catalyst surfaces of an electrode of this couple, In a fuel cell which laminates two or more these 
unit cells, inserts a separator board, respectively, forms sub stacks between each unit cell, 
laminates two or more these sub stacks and cold plates by turns, and forms a layered product, A 
fuel cell making thickness of a separator board of a lamination direction center section of said 
sub stacks thicker than thickness of a separator board of other portions. 
[Claim 2]An electrode of a couple which forms a reactant gas circulation way in a field of 
another side while making one field of an electrode substrate support a catalyst, Make those 
catalyst surfaces counter, arrange and a unit cell is formed across an electrolyte layer between 
catalyst surfaces of an electrode of this couple, In a fuel cell which laminates two or more these 
unit cells, inserts a separator board, respectively, forms sub stacks between each unit cell, 
laminates two or more these sub stacks and cold plates by turns, and forms a layered product, A 
fuel cell making a cross-section area or a gas touch area of a lamination direction center section 
of a reactant gas circulation way larger than other cross-section areas or gas touch areas of a 
reactant gas circulation way of a portion. [ of said sub stacks ] [ of a unit cell ] [ of a unit cell ] 
[Claim 3]An electrode of a couple which forms a reactant gas circulation way in a field of 
another side while making one field of an electrode substrate support a catalyst, Make those 
catalyst surfaces counter, arrange and a unit cell is formed across an electrolyte layer between 
catalyst surfaces of an electrode of this couple, In a fuel cell which laminates two or more these 
unit cells, inserts a separator board, respectively, forms sub stacks between each unit cell, 
laminates two or more these sub stacks and cold plates by turns, and forms a layered product, A 
fuel cell making at least one heat sink intervene between unit cells of a lamination direction 
center section of said sub stacks. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the origina 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the technology for improving the generation 
efficiency of a fuel cell by equalizing the temperature distribution between two or more unit cells 
which start a fuel cell, especially constitute a fuel cell layered product, and preventing a local 
rise in heat. 
[0002] 

[Description of the Prior Art]A fuel cell is equipment which transforms into electrical energy 
directly the energy released with oxidation reaction by oxidizing the fuel which has chemical 
energy in the Electrochemistry Sub-Division process. Since there is the feature that the thermal 
efficiency of power generation reaches also to 40 to 50%, also on a scale of being comparatively 
small, this fuel cell generation system is expected as an efficient power generation system which 
easily endures a new thermal power system. There is also an advantage with very little discharge 
of SOx and NOx which are the public nuisance factor which is a big social problem in recent 
years not needing a lot of cooling water since a combustion cycle is not included in a power 
plant, and that there are few environmental problems, such as noise and exhaust gas, since there 
are the features, like vibration is small. Since a response is good, and high conversion efficiency 
can be theoretically expected to a load change and there is the feature which was excellent in 
having turned to the cogeneration system which also uses heat simultaneously with power 
generation etc., it has expectation and an interest in the research and development, and is 
pressing for utilization at hand. 

[0003]As this kind of a fuel cell, what was shown in JP,S60-93765,A is known, for example. 
Namely, as shown in drawing 8, a cell proper, Between the layered product 1 which laminates 
many cold plates for discharging the heat generated in the unit cell and this unit cell for power 
generation, the clamping plate 2 which binds that layered product 1 tight from up-and-down both 
sides, and the layered product 1 and the clamping plate 2. It has the sealant 5 which carries out 
the seal of between the spacer 3 to insert, the gas manifold 4 for reactant gas supply / 
discharge, the gas manifold 4, and the layered products 1. 

[0004]Such a cell proper is further provided with the refrigerant manifold for refrigerant supply 
and discharge which is not illustrated, the busbar for electric-generating-power drawing which is 
not illustrated, etc. And the fuel gas and oxidant gas which are reactant gas are supplied and 
discharged by the unit cell of the layered product 1 from the outside via the gas manifold 4, and 
refrigerants, such as water, are supplied and discharged from the outside via a refrigerant 
manifold at the cold plate of the layered product 1. 

[0005]Generally, the layered product 1 of the above fuel cells laminates two or more unit cells, 
inserts the separator board which classifies reactant gas between each unit cell, respectively, 
forms one sub stacks, laminates such two or more sub stacks and cold plates by turns, and is 
constituted. In this case, the unit cell which constitutes the layered product 1 makes those 
catalyst surfaces counter, arranges the porous electrode of the couple which forms a reactant 
gas circulation way in the field of another side, and is usually formed across an electrolyte layer 
between these catalyst surfaces while it makes one field of an electrode substrate support a 
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catalyst. And while contacting fuel gas, such as hydrogen, at the back by using one electrode as 
a fuel electrode, Oxidant gas, such as oxygen, is contacted at that back by making the electrode 
of another side into an oxidizing agent pole, and it is constituted so that the electrical energy 
generated according to the electrochemical reaction which occurs at this time may be taken out 
from inter-electrode [ of the above-mentioned couple ]. A refrigerant flowing path is formed in a 
cold plate, and by circulating a refrigerant here, it is constituted so that the unit cell of the cold 
plate circumference may be cooled. 

[0006]As for a standard and unification, size form of the outside and reactant gas circulation way 
of two or more unit cells which constitute the layered product 1, size form of a separator board, 
size form of a cold plate and its refrigerant flowing path, etc. are made all, respectively from a 
viewpoint [ carry out facilitating of the structure to details, and ] of improving reliability and 
productivity to them more. Generally acidic solutions, such as phosphoric acid, are used as an 
electrolyte. Many parallel slots are formed in the field of another side as a reactant gas 
circulation way, and the porous electrode of a unit cell is constituted while usually using a 
porous carbon base substance like carbon paper as an electrode substrate and making one field 
of this porous carbon base substance support a precious metal catalyst. 
[0007] 

[Problem to be solved by the invention]By the way, in the above conventional fuel cells, Since a 
gap is produced to the temperature between two or more unit cells which constitute the layered 
product 1, when a maximum temperature is set below to permissive temperature, it must operate 
at low temperature about most unit cells more than needed, and, as a result, there is a problem 
that generation efficiency becomes low. This point is explained below. 

[0008]That is, since the electrochemical reaction of a unit cell which was mentioned above is 
first promoted so that the operating temperature of a unit cell is high, fundamentally, the 
generation efficiency of a fuel cell becomes so large that the operating temperature of a unit cell 
is high. However, if a value with the operating temperature of a unit cell is exceeded, battery 
capacity will fall rapidly by degradation of a catalyst and an electrolytic reduction which promote 
electrochemical reaction, and a battery life will become short. For this reason, it is necessary to 
set up and hold the maximum temperature in a unit cell below at a certain value. 
[0009]On the other hand, as mentioned above, the layered product 1 of a fuel cell laminates 
much sub stacks constituted by the separator board inserted between two or more unit cells and 
each unit cell a cold plate and by turns, and is constituted, but generally the temperature in sub 
stacks serves as uneven and three-dimensional distribution. Concretely, the temperature 
distribution of the lamination direction in near the center of the unit-cell flat surface in the sub 
stacks between cold plates comes to be shown in B of drawing 3. As shown in B of this drawing 
3, the temperature of the unit cell is high in inclination toward the lamination direction end of sub 
stacks to the lamination direction center section. And the temperature of the unit cell of a 
lamination direction center section, i.e., the unit cell in the furthest position from a cold plate, is 
the highest, and this maximum-temperature t 2 is very high compared with mean-temperature t Q 

of sub stacks. For example, when the amount of reactant gas of a fixed capacity factor is 

supplied to a layered product by the loaded condition of 200 mA/cm 2 , it is checked to mean- 
temperature t Q being 200 ** that maximum-temperature t 2 has gone up to 215 **. 

[0010]When a constant temperature line (T1-T6) shows the temperature distribution within the 
flat surface of such a unit cell of a lamination direction center section, it comes to be shown in 
(B) of dra wing 2. near a unit-cell center has a small interval of a constant temperature line, 
namely, the temperature gradient is large, and the narrow field in the constant temperature line 
T6 is [ / else ] markedly alike, and turns into a hot maximum-temperature field so that clearly 
from this drawing 2. Therefore, in the conventional fuel cell, as temperature (maximum 
temperature) of the maximum-temperature field where the unit cell of this lamination direction 
center section is narrow is made below into permissive temperature, values, such as circulating 
water temperature, will be set up. therefore, since it will be markedly alike compared with the 
mean temperature of the whole layered product and a high temperature will be set below to 
permissive temperature, it results in operating many unit cells by the side of the lamination 
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direction end of sub stacks at low temperature more than needed. Corresponding [ namely, ] to 
the size of the temperature gradient between two or more unit cells which constitute sub stacks, 
and the size of the temperature gradient in the unit cell of the lamination direction center 
section which has a maximum-temperature field, About most unit cells, a result operated at a 
temperature far lower than permissive temperature is brought, and this serves as trouble of 
improvement in generation efficiency. When it runs continuously over a long period of time by 
degradation of the catalyst in a local hot section, as shown in drawing 4, battery capacity will fall 
greatly. 

[0011]this invention is proposed in order to solve SUBJECT of the above conventional 
technologies, and it comes out. By the purpose's losing a local hot section in a sub-stacks 
center section of **, equalizing temperature distribution of sub stacks, and enabling setting out 
of an operating temperature of the whole layered product to a near temperature with permissive 
temperature, It is providing a long fuel cell of a battery life which is excellent in generation 
efficiency and can maintain high battery capacity stable over a long period of time. 

[0012] 

[Means for solving problemjA fuel cell of this invention an electrode of a couple which forms a 
reactant gas circulation way in a field of another side while making one field of an electrode 
substrate support a catalyst, Make those catalyst surfaces counter, arrange and a unit cell is 
formed across an electrolyte layer between catalyst surfaces of an electrode of this couple, Two 
or more these unit cells are laminated, between each unit cell, a separator board is inserted, 
respectively and sub stacks are formed, and two or more these sub stacks and cold plates are 
laminated by turns, and it has the following features in a fuel cell which forms a layered product. 
[0013]First, the fuel cell according to claim 1 is characterized by making thickness of a separator 
board of a lamination direction center section of said sub stacks thicker than thickness of a 
separator board of other portions. The fuel cell according to claim 2 is characterized by making a 
cross-section area or a gas touch area of a lamination direction center section of a reactant gas 
circulation way larger than other cross-section areas or gas touch areas of a reactant gas 
circulation way of a portion. [ of said sub stacks ] [ of a unit cell ] [ of a unit cell ] The fuel cell 
according to claim 3 is characterized by making at least one heat sink intervene between unit 
cells of a lamination direction center section of said sub stacks. 
[0014] 

[Function]The operation of this invention which has the above composition is as follows. First, in 
the fuel cell according to claim 1, By having made thickness of the separator board of the 
lamination direction center section of sub stacks thicker than other portions, with this separator 
board, heat conduction of the lamination direction between the unit cells of those both sides can 
be controlled, and only that part can promote heat conduction of the plane direction of a unit 
cell. As a result, the temperature distribution in the unit cell of the lamination direction center 
section which has a maximum-temperature field is equalized, and since the temperature of the 
maximum-temperature field in this unit cell can be reduced and it can bring close to the mean 
temperature of the whole layered product, the temperature distribution between two or more 
unit cells which constitute a layered product can be equalized. Therefore, when the maximum- 
temperature field of the unit cell of a lamination direction center section is set below to 
permissive temperature, the operating temperature of the whole layered product can be close 
brought with permissive temperature, and, thereby, generation efficiency can be improved. Since 
a local hot section can be lost, degradation of a catalyst can be controlled and the high battery 
capacity stable over the long period of time can be maintained. 

[0015]Next, in the fuel cell according to claim 2, By having made the cross-section area or gas 
touch area of the lamination direction center section of the reactant gas circulation way larger 
than other portions, the unit cell of a lamination direction center section can be cooled by 
reactant gas circulation in this reactant gas circulation way. [ of sub stacks ] [ of the unit cell ] 
As a result, the temperature of the unit cell of the lamination direction center section which has 
a maximum-temperature field can be reduced, and the temperature distribution between two or 
more unit cells which constitute a layered product can be equalized. Therefore, when the 
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maximum-temperature field of the unit cell of a lamination direction center section is set below 
to permissive temperature, the operating temperature of the whole layered product can be close 
brought with permissive temperature, and, thereby, generation efficiency can be improved. Since 
a local hot section can be lost, degradation of a catalyst can be controlled and the high battery 
capacity stable over the long period of time can be maintained. 

[001 6]In the fuel cell according to claim 3, the unit cell of a lamination direction center section 
can be cooled by this heat sink by having made the heat sink intervene between the unit cells of 
the lamination direction center section of sub stacks. As a result, the temperature of the unit 
cell of the lamination direction center section which has a maximum-temperature field can be 
reduced, and the temperature distribution between two or more unit cells which constitute a 
layered product can be equalized. Therefore, when the maximum-temperature field of the unit 
cell of a lamination direction center section is set below to permissive temperature, the 
operating temperature of the whole layered product can be close brought with permissive 
temperature, and, thereby, generation efficiency can be improved. Since a local hot section can 
be lost, degradation of a catalyst can be controlled and the high battery capacity stable over the 
long period of time can be maintained. 
[0017] 

[Working example] 

(1) Describe concretely one embodiment (the 1st embodiment) of the fuel cell by the invention 
according to claim 1 less than to the 1st embodiment with reference to drawing 1 thru/or 
drawing 4. Here, drawing 1 j s a perspective view showing typically a part of layered product of a 
fuel cell. Drawing 2 is a figure showing the temperature distribution within the flat surface of the 
unit cell of the lamination direction center section in the sub stacks with a constant temperature 
line in comparison about the fuel cell of drawing 1 , and the conventional fuel cell, respectively. 
(A) of drawin g 2 is the thermal mapping of the unit-cell flat surface of the fuel cell of drawing 1 , 
and (B) is the thermal mapping of the unit-cell flat surface of the conventional fuel cell. 
The graph and drawing 4 which drawing 3 shows the temperature distribution of the lamination 
direction in near the center of the unit-cell flat surface in the sub stacks in comparison about 
the fuel cell A of dra w ing 1 and the conventional fuel cell B, It is a graph which shows the 
battery capacity to operation time in comparison about the fuel cell A of drawing 1 , and the 
conventional fuel cell B. 

[0018]First, as shown in drawing 1, among the adjoining cold plates 1 1a and 1 1b, the sub stacks 
14 which laminate the six unit cells 12a™12f and the five separator boards 13a-13e by turns are 
arranged. The thickness of the separator board 13c of a lamination direction center section 
inserted between the two unit cells 12c and 12d of the lamination direction center section of the 
sub stacks 14 among the separator boards 13a-13e which constitute the sub stacks 14, The 
thickness of other separator boards 13a, 13b, 13d, and 1 3e is thick to 3 or more times, and it is 
carried out. 15 in a figure is the refrigerant flowing path established in the cold plates 1 1a and 
11b. 

16 and 17 are the reactant gas circulation ways established in the unit cells 12a~12f. 

[0019]The operation of this example which has the above composition is as follows. That is, at 
the time of operation of a fuel cell, the heat generated from each unit cells 12a~12f moves in 
three dimensions in the inside of the sub stacks 14 which comprise the unit cells 12a-12f and 
the separator boards 13a~13e, and is absorbed by the cold plates 1 1a and 11b in the both ends 
of the sub stacks 14. At this time, since the calorific value in each unit cell is generally uneven, 
like before when the thickness of the separator boards 13a-13e is equal, unit cells [ of a 
lamination direction center section / 12c and 12d ] temperature will become the highest, and as 
shown in (B) of drawing 2 , further, it is narrow, and rather than the mean temperature of the 
whole layered product, area will resemble the flat surface of the unit cell markedly, and will 
produce a hot maximum-temperature field at it 

[0020]On the other hand, since thickness of other separator boards 13a, 13b, 13d, and 13e is 
thick to 3 or more times and thickness of the separator board 13c of a lamination direction 
center section of the sub stacks 14 is carried out in this example, With this separator board 13c, 
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heat conduction of the unit cell 12c of those both sides and a lamination direction between 1 2d 
can be controlled, and only that part can promote heat conduction of a unit cells [ 12c and 12d ] 
plane direction. Therefore, as shown in (A) of drawin g 2, lose the local hot section T6 in the unit 
cell 12c of a lamination direction center section, and a plane direction in 12d, and temperature 
distribution is equalized, Temperature of this unit cell 12c and a maximum-temperature field in 
12d can be reduced from conventional T6 to T5, and can be brought close to mean temperature 
of the whole layered product. 

[0021]By the way, temporarily, when all the separator boards 13a-13e are thickened, horizontal 
heat conduction is promoted further and equalize temperature distribution of a plane direction of 
a unit cell further, but. On the other hand, height of the whole layered product becomes high, and 
it can not only become disadvantageous on transportation or earthquake-proof, but thermal 
resistance of a lamination direction becomes large and it cannot necessarily lower a maximum 
temperature in a cell. On the other hand, since heat conduction of a lamination direction is 
symmetrically performed up and down considering a separator of a center section as a center 
like an embodiment shown in drawing 1 when the number of unit cells between the cold plate 1 1a 
and 11b is even, Even if it thickens only a separator board of a center section, it does not 
become the increase in thermal resistance of a lamination direction, but as mentioned above, an 
effect of heat-conduction promotion of a plane direction of a unit cell can act effectively, and 
can reduce a maximum temperature of a unit cell. 

[0022]Therefore, in this example, since the maximum temperature of a unit cell can be 
conventionally pressed down low when the temperature of cooling water and the calorific value 
of a unit cell are the same, the temperature distribution for [ of six pieces ] unit-cell 12a-12f 
which constitutes the sub stacks 14 can be equalized. That is, as shown in drawing 3, maximum- 
temperature t 1 of the unit cell of the lamination direction center section in the sub stacks of the 

fuel cell A of this example is lower than maximum-temperature t 2 of the conventional fuel cell B. 

The difference of maximum-temperature t 1 and mean-temperature t Q of sub stacks is smaller 

than before. 

For example, the conventional fuel cell which made the same standard all the unit cells and 
separator boards in a lamination direction of sub stacks, About the fuel cell of this example 
which changed the thickness of the separator board of the lamination direction center section of 
sub stacks. When the amount of reactant gas of a fixed capacity factor is supplied to each 

layered product by the loaded condition of 200 mA/cm 2 , in the conventional fuel cell. As 
mentioned above, compared with maximum-temperature t £ having gone up to 215 ** to mean- 
temperature [ of 200 ** ] t Q , maximum-temperature t 1 to mean~temperature [ of 200 ** ] t Q was 
205 ** in the fuel cell of this example. 

[0023]Thus, since the difference of maximum-temperature t 1 and mean-temperature t Q in sub 

stacks can be made smaller than before in this example, when unit cells [ of a lamination 
direction center section / 12c and 12d ] maximum-temperature t 1 is set below to permissive 

temperature, the operating temperature of the whole layered product can be brought close to 
permissive temperature conventionally, and generation efficiency can be markedly boiled rather 
than before by that cause, and it can improve, since the local hot section conventionally 
produced in sub stacks can be lost, when a fuel cell is run continuously over a long period of 
time, as shown in drawing 4, the fuel cell A of this example is markedly boiled compared with the 
conventional fuel cell B, and can maintain high battery capacity. 

[0024]Although the cold plate 11a and the sub stacks 14 between 11b were constituted from the 
six unit cells 12a-12f and the five separator boards 13a~13e and the example which makes only 
the one separator board 13c of a lamination direction center section thicker than others was 
shown in said 1st embodiment, When it is considered as odd sub stacks between cold plates and 
a separator board is constituted as even pieces, two central separator boards may be thickened. 
Namely, since heat transfer of the plane direction of the unit cell of the both sides of this 
separator board can be promoted when temperature generally thickens one piece or two or more 
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separator boards near the unit cell of the lamination direction center section which becomes 
high, Thereby, the temperature distribution of this unit cell is equalized, and a maximum 
temperature can be reduced conventionally and can be brought close to the mean temperature 
of the whole layered product. 

[0025](2) Describe concretely one embodiment (the 2nd embodiment) of the fuel cell by the 
invention according to claim 2 less than to the 2nd embodiment with reference to drawing 5. 
Here, drawin g 5 is a perspective view showing typically a part of layered product of a fuel cell. 
Identical codes are given to said 1st embodiment and identical parts, and explanation is omitted. 
[0026]First, as shown in drawing 5, among the adjoining cold plates 11a and 11b, the sub stacks 
14 which laminate the five unit cells 12a~12e and the four separator boards 13a-13d by turns 
are arranged. About the one unit cell 12c of the lamination direction center section of the sub 
stacks 14, among the unit cells 12a-12e which constitute the sub stacks 14. The tooth depth of 
the reactant gas circulation way 16 of one of these is made into twice the tooth depth of the 
reactant gas circulation way 16 where other four unit cells 12a, 12b, 12d, and 12e correspond. 
Following in the case of this tooth depth, the thickness of the unit cell 12c of a center section is 
thicker than the thickness of the other unit cells 12a, 12b, 1 2d, and 12e. The tooth depth of the 
reactant gas circulation way 17 of another side of the unit cell 13c is made equal to the tooth 
depth of the reactant gas circulation way 17 where other unit cells 12a, 12b, 12d, and 12e 
correspond. 

[0027]The operation of this example which has the above composition is as follows. Namely, in 
this example, a tooth depth of the reactant gas circulation way 16 of the unit cell 12c of a 
lamination direction center section of the sub stacks 14 as twice of a tooth depth of other unit 
cells 12a, 12b, 12d, and 12e, Since that cross-section area and a gas touch area are enlarged, 
the unit cell 12c can be cooled by reactant gas circulation of the reactant gas circulation way 16 
of this unit cell 12c. Therefore, like said 1st embodiment, a local hot section in a plane direction 
in the unit cell 12c of a lamination direction center section is lost, temperature distribution is 
equalized, and temperature of a maximum-temperature field in this unit cell 12c can be reduced 
conventionally, and can be brought close to mean temperature of the whole layered product. 
[0028]Therefore, since a maximum temperature of a unit cell can be conventionally pressed 
down low like said 1st embodiment also in this example when temperature of cooling water and 
calorific value of a unit cell are the same, Temperature distribution between the five unit cells 
12a which constitute the sub stacks 14 - 12e can be equalized. That is, as shown in drawing 3, 
maximum-temperature t^ of a unit cell of a lamination direction center section in sub stacks of 

the fuel cell A of this example becomes lower than maximum-temperature t 2 of the conventional 

fuel cell B, and a difference of maximum-temperature t 1 and mean~temperature t Q of sub stacks 

becomes smaller than before. For example, the conventional fuel cell which made the same 
standard a reactant gas circulation way of all the unit cells in a lamination direction of sub 
stacks, About a fuel cell of this example which changed a tooth depth of a reactant gas 
circulation way of a unit cell of a lamination direction center section of sub stacks. When the 
amount of reactant gas of a fixed capacity factor is supplied to each layered product by loaded 

condition of 200 mA/cm , in the conventional fuel cell. As mentioned above, compared with 
maximum-temperature t 2 having gone up to 215 ** to mean~temperature [ of 200 ** ] t Q , 

maximum-temperature to mean-temperature [ of 200 ** ] t Q was 205 ** like said 1st 

embodiment in a fuel cell of this example. 

[0029]Thus, since the difference of maximum-temperature t.j and mean-temperature t Q in sub 

stacks as well as said 1st embodiment can be made smaller than before also in this example, 
when maximum-temperature t 1 of the unit cell 12c of a lamination direction center section is set 

below to permissive temperature, the operating temperature of the whole layered product can be 
brought close to permissive temperature conventionally, and generation efficiency can be 
markedly boiled rather than before by that cause, and it can improve, like said 1st embodiment, 
since the local hot section conventionally produced in sub stacks can be lost, when a fuel cell is 
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run continuously over a long period of time, as shown in drawing 4. the fuel cell A of this example 
is markedly boiled compared with the conventional fuel cell B, and can maintain high battery 
capacity. 

[0030]ln said 2nd embodiment although the example which enlarged the tooth depth of one 
reactant gas circulation way 16 of the unit cell 12c of a lamination direction center section was 
shown, the form which enlarged the channel depth and the flute width simultaneously, the form 
which enlarged only the flute width, etc. are possible. That is, in invention of Claim 2, all shape 
changes that enlarge the cross-section area or gas touch area of the reactant gas circulation 
way are possible about the unit cell of a lamination direction center section, and the same 
operation effect as said embodiment can be obtained. 

[0031](3) Describe concretely one embodiment (the 3rd embodiment) of the fuel cell by the 
invention according to claim 3 less than to the 3rd embodiment with reference to drawing 6 and 
drawi ng 7. Here, the perspective view in which drawing 6 shows typically a part of layered 
product of a fuel cell, and drawin g 7 are the perspective views showing the heat sink of drawing 
6 typically. Identical codes are given to said 1st and 2nd embodiment and identical parts, and 
explanation is omitted. 

[0032]First, as shown in dr awing 6, among the adjoining cold plates 11a and 11b, the sub stacks 
14 which laminate the six unit cells 12a~12f are arranged. The one heat sink 21 is inserted 
between the two unit cells 12c and 12d of the lamination direction center section of these sub 
stacks 14. This heat sink 21 comprises an electrode substrate of the porous electrode of a unit 
cell, and same porous carbon base substance. And as shown in drawing 7, the reactant gas 
circulation way 22 is formed in one side of such a heat sink 21 of porosity nature. 
The seal part 23 is formed in heat sink 21 end equivalent to the both sides of this reactant gas 
circulation way 22, and leak of reactant gas can be prevented now at it. 

Between each adjoining unit cell and between the unit cells 12c and 12d and the heat sink 21, 
the six separator boards 13a-13f are inserted, respectively. 

[0033]The operation of this example which has the above composition is as follows. That is, in 
this example, since the heat sink 21 was inserted between the unit cell 12c of the lamination 
direction center section of the sub stacks 14, and 12d, the unit cells 12c and 12d of those both 
sides can be cooled by this heat sink 21. In particular, in this example, since the reactant gas 
circulation way 22 was established in the heat sink 21, cooling efficiency can be made still higher 
by reactant gas circulation of this reactant gas circulation way 22. Therefore, like said 1st and 
2nd embodiment, lose the local hot section in the unit cell 1 2c of a lamination direction center 
section, and the plane direction in 12d, and temperature distribution is equalized, The 
temperature of this unit cell 12c and the maximum-temperature field in 12d can be reduced 
conventionally, and can be brought close to the mean temperature of the whole layered product. 
[0034]Therefore, since the maximum temperature of a unit cell can be conventionally pressed 
down low like said 1st and 2nd embodiment also in this example when the temperature of cooling 
water and the calorific value of a unit cell are the same, The temperature distribution for [ of six 
pieces ] unit-cell 12a-12f which constitutes the sub stacks 14 can be equalized. That is, as 
shown in drawing 3, maximum-temperature t 1 of the unit cell of the lamination direction center 

section in the sub stacks of the fuel cell A of this example becomes lower than maximum- 
temperature t 2 of the conventional fuel cell B, and the difference of maximum-temperature t 1 

and mean-temperature t Q of sub stacks becomes smaller than before. For example, about the 

conventional fuel cell which does not have a heat sink in sub stacks, and the fuel cell of this 
example which has arranged the heat sink in the lamination direction center section of sub 
stacks. When the amount of reactant gas of a fixed capacity factor is supplied to each layered 

product by the loaded condition of 200 mA/cm 2 , in the conventional fuel cell. As mentioned 
above, compared with maximum-temperature t 2 having gone up to 215 ** to mean-temperature 

[ of 200 ** ] t Q , maximum-temperature t 1 to mean-temperature [ of 200 ** ] t Q was 205 ** like 

said 1st and 2nd embodiment in the fuel cell of this example. 



http://www4.ipdUnpit.go jp^ 2011/02/17 



*JP,06~251790,A [DETAILED DESCRIPTION] 



8/8 XL— i? 



[0035]Thus, since the difference of maximum-temperature t 1 and mean-temperature t Q in sub 

stacks as well as said 1st and 2nd embodiment can be made smaller than before also in this 
example, when unit cells [ of a lamination direction center section /12c and 1 2d ] maximum- 
temperature t 1 is set below to permissive temperature, the operating temperature of the whole 

layered product can be brought close to permissive temperature conventionally, and generation 
efficiency can be markedly boiled rather than before by that cause, and it can improve. Since the 
local hot section conventionally produced in sub stacks can be lost, when a fuel cell is run 
continuously over a long period of time, like said 1st and 2nd embodiment, as shown in drawing 4, 
the fuel cell A of this example is markedly boiled compared with the conventional fuel cell B, and 
can maintain high battery capacity. Since the heat sink 21 of this example is using the electrode 
substrate of the porous electrode of a unit cell, and the same porous carbon base substance, it 
also has a function as an electrolyte reservoir which carries out impregnation maintenance of the 
electrolyte. 

[0036]In said embodiment, although the reactant gas circulation way 22 was established in the 
heat sink 21, the composition which is not limited to this and does not form the reactant gas 
circulation way 22 is also possible for invention of Claim 3, and operation effect sufficient also in 
such a case is obtained. The composition which forms the two or more heat sinks 21 in the one 
sub stacks 14 is also possible. 
[0037] 

[Effect of the Invention]As explained above. [ whether the fuel cell of this invention makes 
thickness of the separator board of the lamination direction center section of sub stacks thicker 
than other portions, and ] Or. [ whether the cross-section area or gas touch area of a lamination 
direction center section of a reactant gas circulation way is made larger than other portions, 
and ] [ of sub stacks ] [ of a unit cell ] Or by improvement of the easy composition of making a 
heat sink intervene between the unit cells of the lamination direction center section of sub 
stacks, the local hot section in the sub-stacks center section of the layered product can be 
eliminated, and the temperature distribution of sub stacks can be equalized. Therefore, since it 
can carry out setting-out possible [ of the operating temperature of the whole layered product ] 
to a near temperature with permissive temperature, the long fuel cell of a battery life which is 
excellent in generation efficiency compared with the former, and can maintain the high battery 
capacity stable over the long period of time can be provided. 
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TECHNICAL HELD 



[Industrial Application]This invention relates to the technology for improving the generation 
efficiency of a fuel cell by equalizing the temperature distribution between two or more unit cells 
which start a fuel cell, especially constitute a fuel cell layered product, and preventing a local 
rise in heat. 

[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] A fuel cell is equipment which transforms into electrical energy 
directly the energy released with oxidation reaction by oxidizing the fuel which has chemical 
energy in the Electrochemistry Sub-Division process. Since there is the feature that the thermal 
efficiency of power generation reaches also to 40 to 50%, also on a scale of being comparatively 
small, this fuel cell generation system is expected as an efficient power generation system which 
easily endures a new thermal power system. There is also an advantage with very little discharge 
of SOx and NOx which are the public nuisance factor which is a big social problem in recent 
years not needing a lot of cooling water since a combustion cycle is not included in a power 
plant, and that there are few environmental problems, such as noise and exhaust gas, since there 
are the features, like vibration is small. Since a response is good, and high conversion efficiency 
can be theoretically expected to a load change and there is the feature which was excellent in 
having turned to the cogeneration system which also uses heat simultaneously with power 
generation etc., it has expectation and an interest in the research and development, and is 
pressing for utilization at hand. 

[0003]As this kind of a fuel cell, what was shown in JP,S60— 93765,A is known, for example. 
Namely, as shown in drawin g 8 , a cell proper, Between the layered product 1 which laminates 
many cold plates for discharging the heat generated in the unit cell and this unit cell for power 
generation, the clamping plate 2 which binds that layered product 1 tight from up-and-down both 
sides, and the layered product 1 and the clamping plate 2. It has the sealant 5 which carries out 
the seal of between the spacer 3 to insert, the gas manifold 4 for reactant gas supply / 
discharge, the gas manifold 4, and the layered products 1. 

[0004]Such a cell proper is further provided with the refrigerant manifold for refrigerant supply 
and discharge which is not illustrated, the busbar for electric-generating-power drawing which is 
not illustrated, etc. And the fuel gas and oxidant gas which are reactant gas are supplied and 
discharged by the unit cell of the layered product 1 from the outside via the gas manifold 4, and 
refrigerants, such as water, are supplied and discharged from the outside via a refrigerant 
manifold at the cold plate of the layered product 1. 

[0005]Generally, the layered product 1 of the above fuel cells laminates two or more unit cells, 
inserts the separator board which classifies reactant gas between each unit cell, respectively, 
forms one sub stacks, laminates such two or more sub stacks and cold plates by turns, and is 
constituted. In this case, the unit cell which constitutes the layered product 1 makes those 
catalyst surfaces counter, arranges the porous electrode of the couple which forms a reactant 
gas circulation way in the field of another side, and is usually formed across an electrolyte layer 
between these catalyst surfaces while it makes one field of an electrode substrate support a 
catalyst. And while contacting fuel gas, such as hydrogen, at the back by using one electrode as 
a fuel electrode, Oxidant gas, such as oxygen, is contacted at that back by making the electrode 
of another side into an oxidizing agent pole, and it is constituted so that the electrical energy 
generated according to the electrochemical reaction which occurs at this time may be taken out 
from inter-electrode [ of the above-mentioned couple ]. A refrigerant flowing path is formed in a 
cold plate, and by circulating a refrigerant here, it is constituted so that the unit cell of the cold 
plate circumference may be cooled. 
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[0006]As for a standard and unification, size form of the outside and reactant gas circulation way 
of two or more unit cells which constitute the layered product 1, size form of a separator board, 
size form of a cold plate and its refrigerant flowing path, etc. are made all, respectively from a 
viewpoint [ carry out facilitating of the structure to details, and ] of improving reliability and 
productivity to them more. Generally acidic solutions, such as phosphoric acid, are used as an 
electrolyte. Many parallel slots are formed in the field of another side as a reactant gas 
circulation way, and the porous electrode of a unit cell is constituted while usually using a 
porous carbon base substance like carbon paper as an electrode substrate and making one field 
of this porous carbon base substance support a precious metal catalyst. 
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EFFECT OF THE INVENTION 

[Effect of the Invention]As explained above. [ whether the fuel cell of this invention makes 
thickness of the separator board of the lamination direction center section of sub stacks thicker 
than other portions, and ] Or. [ whether the cross-section area or gas touch area of a lamination 
direction center section of a reactant gas circulation way is made larger than other portions, 
and ] [ of sub stacks ] [ of a unit cell ] Or by improvement of the easy composition of making a 
heat sink intervene between the unit cells of the lamination direction center section of sub 
stacks, the local hot section in the sub-stacks center section of the layered product can be 
eliminated, and the temperature distribution of sub stacks can be equalized. Therefore, since it 
can carry out setting-out possible [ of the operating temperature of the whole layered product ] 
to a near temperature with permissive temperature, the long fuel cell of a battery life which is 
excellent in generation efficiency compared with the former, and can maintain the high battery 
capacity stable over the long period of time can be provided. 
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TECHNICAL PROBLEM 

[Problem to be solved by the invention]By the way, in the above conventional fuel cells, Since a 
gap is produced to the temperature between two or more unit cells which constitute the layered 
product 1, when a maximum temperature is set below to permissive temperature, it must operate 
at low temperature about most unit cells more than needed, and, as a result, there is a problem 
that generation efficiency becomes low. This point is explained below. 

[0008]That is, since the electrochemical reaction of a unit cell which was mentioned above is 
first promoted so that the operating temperature of a unit cell is high, fundamentally, the 
generation efficiency of a fuel cell becomes so large that the operating temperature of a unit cell 
is high. However, if a value with the operating temperature of a unit cell is exceeded, battery 
capacity will fall rapidly by degradation of a catalyst and an electrolytic reduction which promote 
electrochemical reaction, and a battery life will become short. For this reason, it is necessary to 
set up and hold the maximum temperature in a unit cell below at a certain value. 
[0009]On the other hand, as mentioned above, the layered product 1 of a fuel cell laminates 
much sub stacks constituted by the separator board inserted between two or more unit cells and 
each unit cell a cold plate and by turns, and is constituted, but generally the temperature in sub 
stacks serves as uneven and three-dimensional distribution. Concretely, the temperature 
distribution of the lamination direction in near the center of the unit-cell flat surface in the sub 
stacks between cold plates comes to be shown in B of draw in g 3 . As shown in B of this drawing 

3, the temperature of the unit cell is high in inclination toward the lamination direction end of sub 
stacks to the lamination direction center section. And the temperature of the unit cell of a 
lamination direction center section, i.e., the unit cell in the furthest position from a cold plate, is 
the highest, and this maximum-temperature t 2 is very high compared with mean-temperature t Q 

of sub stacks. For example, when the amount of reactant gas of a fixed capacity factor is 

supplied to a layered product by the loaded condition of 200 mA/cm 2 , it is checked to mean- 
temperature t Q being 200 ** that maximum-temperature t 2 has gone up to 215 **. 

[0010]When a constant temperature line (T1-T6) shows the temperature distribution within the 
flat surface of such a unit cell of a lamination direction center section, it comes to be shown in 
(B) of drawing 2. near a unit-cell center has a small interval of a constant temperature line, 
namely, the temperature gradient is large, and the narrow field in the constant temperature line 
T6 is [ / else ] markedly alike, and turns into a hot maximum-temperature field so that clearly 
from this drawing 2. Therefore, in the conventional fuel cell, as temperature (maximum 
temperature) of the maximum-temperature field where the unit cell of this lamination direction 
center section is narrow is made below into permissive temperature, values, such as circulating 
water temperature, will be set up. therefore, since it will be markedly alike compared with the 
mean temperature of the whole layered product and a high temperature will be set below to 
permissive temperature, it results in operating many unit cells by the side of the lamination 
direction end of sub stacks at low temperature more than needed. Corresponding [ namely, ] to 
the size of the temperature gradient between two or more unit cells which constitute sub stacks 
and the size of the temperature gradient in the unit cell of the lamination direction center 
section which has a maximum-temperature field, About most unit cells, a result operated at a 
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temperature far lower than permissive temperature is brought, and this serves as trouble of 
improvement in generation efficiency. When it runs continuously over a long period of time by 
degradation of the catalyst in a local hot section, as shown in drawin g 4, battery capacity will fall 
greatly. 

[001 1]this invention is proposed in order to solve SUBJECT of the above conventional 
technologies, and it comes out. By the purpose's losing the local hot section in the sub-stacks 
center section of **, equalizing the temperature distribution of sub stacks, and enabling setting 
out of the operating temperature of the whole layered product to a near temperature with 
permissive temperature, It is providing the long fuel cell of a battery life which is excellent in 
generation efficiency and can maintain the high battery capacity stable over the long period of 
time. 
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MEANS 



[Means for solving problem]The fuel cell of this invention the electrode of the couple which 
forms a reactant gas circulation way in the field of another side while making one field of an 
electrode substrate support a catalyst, Make those catalyst surfaces counter, arrange and a unit 
cell is formed across an electrolyte layer between the catalyst surfaces of the electrode of this 
couple, Two or more these unit cells are laminated, between each unit cell, a separator board is 
inserted, respectively and sub stacks are formed, and two or more these sub stacks and cold 
plates are laminated by turns, and it has the following features in the fuel cell which forms a 
layered product. 

[0013]First, the fuel cell according to claim 1 is characterized by making thickness of the 
separator board of the lamination direction center section of said sub stacks thicker than the 
thickness of the separator board of other portions. The fuel cell according to claim 2 is 
characterized by making the cross-section area or gas touch area of a lamination direction 
center section of a reactant gas circulation way larger than other cross-section areas or gas 
touch areas of a reactant gas circulation way of a portion. [ of said sub stacks ] [ of a unit cell ] 
[ of a unit cell ] The fuel cell according to claim 3 is characterized by making at least one heat 
sink intervene between the unit cells of the lamination direction center section of said sub 
stacks. 
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http://www4.ipdl.inpit.go jp/cgi-bin/tran_web^^ 20 1 1/02/1 7 



JP,06-251790,A [OPERATION] 



1/1 K— 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



OPERATION 

[Function]The operation of this invention which has the above composition is as follows. First, in 
the fuel cell according to claim 1, By having made thickness of the separator board of the 
lamination direction center section of sub stacks thicker than other portions, with this separator 
board, heat conduction of the lamination direction between the unit cells of those both sides can 
be controlled, and only that part can promote heat conduction of the plane direction of a unit 
cell. As a result, the temperature distribution in the unit cell of the lamination direction center 
section which has a maximum-temperature field is equalized, and since the temperature of the 
maximum-temperature field in this unit cell can be reduced and it can bring close to the mean 
temperature of the whole layered product, the temperature distribution between two or more 
unit cells which constitute a layered product can be equalized. Therefore, when the maximum- 
temperature field of the unit cell of a lamination direction center section is set below to 
permissive temperature, the operating temperature of the whole layered product can be close 
brought with permissive temperature, and, thereby, generation efficiency can be improved. Since 
a local hot section can be lost, degradation of a catalyst can be controlled and the high battery 
capacity stable over the long period of time can be maintained. 

[0015]Next, in the fuel cell according to claim 2, By having made the cross-section area or gas 
touch area of the lamination direction center section of the reactant gas circulation way larger 
than other portions, the unit cell of a lamination direction center section can be cooled by 
reactant gas circulation in this reactant gas circulation way. [ of sub stacks ] [ of the unit cell ] 
As a result, the temperature of the unit cell of the lamination direction center section which has 
a maximum-temperature field can be reduced, and the temperature distribution between two or 
more unit cells which constitute a layered product can be equalized. Therefore, when the 
maximum-temperature field of the unit cell of a lamination direction center section is set below 
to permissive temperature, the operating temperature of the whole layered product can be close 
brought with permissive temperature, and, thereby, generation efficiency can be improved. Since 
a local hot section can be lost, degradation of a catalyst can be controlled and the high battery 
capacity stable over the long period of time can be maintained. 

[0016]In the fuel cell according to claim 3, the unit cell of a lamination direction center section 
can be cooled by this heat sink by having made the heat sink intervene between the unit cells of 
the lamination direction center section of sub stacks. As a result, the temperature of the unit 
cell of the lamination direction center section which has a maximum-temperature field can be 
reduced, and the temperature distribution between two or more unit cells which constitute a 
layered product can be equalized. Therefore, when the maximum-temperature field of the unit 
cell of a lamination direction center section is set below to permissive temperature, the 
operating temperature of the whole layered product can be close brought with permissive 
temperature, and, thereby, generation efficiency can be improved. Since a local hot section can 
be lost, degradation of a catalyst can be controlled and the high battery capacity stable over the 
long period of time can be maintained. 
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EXAMPLE 

[Working example] 

(1) One embodiment of the fuel cell according to the invention according to claim 1 less than in 
the 1st embodiment 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ Drawin g 1]The perspective view showing typically a part of layered product of the 1st 
embodiment of the fuel cell by this invention. 

[ Draw i n g 2] it is a figure which boils comparatively the temperature distribution within the flat 
surface of the unit cell of the lamination direction center section in the sub stacks, and is shown 
with a constant temperature line about the fuel cell of drawin g 1, and the conventional fuel cell, 
respectively — (A) — the thermal mapping of the unit-cell flat surface of the fuel cell of drawin g 
1, and (B) — the thermal mapping of the unit-cell flat surface of the conventional fuel cell. 
[Drawin graph which shows the temperature distribution of the lamination direction in 

near the center of the unit-cell flat surface in the sub stacks in comparison about the fuel cell A 
°f drawing 1 , and the conventional fuel cell B. 

[Dr awin g 4 ]The graph which shows the battery capacity to operation time in comparison about 
the fuel cell A of drawing 1 , and the conventional fuel cell B, 

[Drawing 5]The perspective view showing typically a part of layered product of the 2nd 
embodiment of the fuel cell by this invention. 

[Dr awin g 6]The perspective view showing typically a part of layered product of the 3rd 
embodiment of the fuel cell by this invention. 

[Drawing 7]The perspective view showing the heat sink of drawin g 6 typically. 
[Drawi n g 8]The perspective view showing the structure of a fuel cell body. 
[Explanations of letters or numerals] 

1 — Layered product 

2 — Clamping plate 

3 — Spacer 

4 — Gas manifold 

5 — Sealant 

T1-T6 — Constant temperature line 
11a, 11b — Cold plate 
12a-12f — Unit cell 
13a-13f — Separator board 

14 — Sub stacks 

1 5 — Refrigerant flowing path 

1 6, 1 7 — Reactant gas circulation way 

21 — Heat sink 

22 — Reactant gas circulation way 

23 — Seal part 
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DRAWINGS 

[Drawing 1] 




[Drawing 5] 
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[Drawing 2] 

T3 




http://www4ipdlinpit.go j^cgi-bi^^ 20 1 1/02/1 7 



JP ? 06~251790 ? A [DRAWINGS] 



3/4 K — v 




10 2 10 3 10 4 

B is ism ( mm ) 

[Drawing Zl 
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[Drawing 6] 
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#^jumjii*$mji«E)¥EBi2#i^ « 

(74)ftSA *F"i 



(54) [fraoD**] *E*4*ife 



(57) [Rfcj] 

[fl*J*J itS^ffl^Wi-tr^ 1 2 a ~ 1 2 f t is— 
3 a~l 3 e^JStiSLTt/7?7^ 1 4 
f-^^ 7^14 i^SPIg 11a, lib 

4<7)fiJi^i^4 5 *^co^-fe^i 2 c ©as* ^mmffi 
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(2) 

1 

[#ffff*<£>$SB] 

[ft*JS l ] «S3^0-*©B^«MiSrft«f S*5 
k k ttffi*«)ffifcRjS3!f^iftaKS:^LT45-*|- 
wHfi&ft, ft©ttMft#fa£*TlE«U rw-Mco 

^£ftftm#ALTft:^** y^OMU -»ft 

AM L T ft 5 ftfttttt *S ^ T , 

*«0>ff£ 4 9 fcJ¥< Lft' 

[If #Jg 2 ] *©ffi^ttdatSr&J*S*5 
> t fcfcffi;fr©ffifcKJ£:tf**^&JBj* LT43-*^ 
wtj&Lxtezmnmm^&^x. 20 
* siting <d m ffiffl * ft tt ft * mmmm ft , »£rft> © * 

ji-tr /u<Dfc]& ft * iftilES © Wfflfl * ft S± ft * ^ttffi^ 4 
tft^< Lt:t^#®tt5Mli 0 

comuft, ft»M^ffi£#iR]£-ifttgagu r©— #cd 



Mj{rm^KJift^ft-C'-¥fiL-fe;uft^ U 



^Sftftftftfti^ALTftftx^^ftftMU r»ft 30 

ftx * ;/ * t #r£P4K k ftXffl^SHaflS LTffJIftft 
ffMLT/S5 ftj3V>T N 

mm. 

[0 0 0 1] 

•So 

[0 0 0 2] 

[f*©at] »fl*ft fc¥=^*A'*?-*&-tzm 

fi, J:b^Wft$ftffim-ctv SS«tf>fft3b*as 4 0 ~ 5 0 



50 



ft 



#Hft6 - 2 5 1 7 9 0 

2 

#£*i-Cl^3. 4ft. 3£¥ft#fttt#^61i'ftor^5 
C'fcSSOx, NO xCTJ^ttJ^feT^ftVV 
l^ft-l" ^^^i^©t:fti©M* 

^r^tLftv\ ss8jftft£v\ /j:ir©#»#*)5r. t 
a» e> , til? • ^ ft ir©at#ra«a*'>fc^ t ^ 5 f ijft 

ft4#®ftfc<5ftaft *©W3(EH»^l4a^fcBB'ta s ** 
e>*u Hfflffcf±Bl!fri=:i&o-cv>5. 

[0 0 0 3] r©a©lfitifitLtli > $)ft(ft #d 
flg 60-93 765 ^^ft^ Sfrfc CO^ft] kftTV 



CO 



fttoro^pffi?r#maiiLTft5^s^ft tcommfc 

M As-? & i/~M% 5 t £ft ft T V ^ 5 „ 
[0 0 0 4] 4ft, r<7>i; 5ft***^!i, £<bi-, [il 

ftv^Smttift^tHLfflftx^-ftir^iiftTV^o ft L 
"ft fflif£l (Ds¥-iiL±M^li, ft^-e^^— K4 ^ft 

l . ft * t fe 5 * t mitm ft x ft t » p, « 

*&-#ffi$ft, ^Sfr l»^SPffii'{ft 

KSr^-U *ft f»^^ft^SP^^^ • SNW^n5 0 

[0005] -iSWfts ftiiwi 5ftM«*oaSfr 

f-^^jy^Sr^fifcU 5ftftft^^-^^ fc?&*P 

Si:S:SEE»-«l!tfflaiiLTfl?jSSix5. r»»ft, « 

sff 1 ftt«j*ft5¥fiir^fft anfti, mmmfccD-jj 

©ffi^«fES:fiK?S*5 1 1 t(-ffi^»ffi(-S)ftft^»ft 

fi£^ft5 0 ftLT. -*©tIWSt LT^Of ffi 
ftTK^ftt'co^-fft^SrSi^S-^'S i tfcft ftfeftw« 

5('tS(S^ft5 0 4ft. ^iPfit-ift ^ffisfiiiSSftff^ 

[0 0 0 6] 4 f9f¥f.ffl^(ft WiS-^^'fLLT'lf^tt^ 
±Stt4rili»S«jSi>fe, aifti ft«^1-5»{SIC3 
^±fV(Dtm k ft *«EiS*&©-'ti£7B:t*, 

ftfeff^ftflft ftftftft±TSI&- ^-jb^ft5 0 4 

ft, SfifWt LT-jKftfflv^ftT^swii, y>^ft 

tftSMiffc?). $?3ft, mtL±^<D^H% 



(3) 



6-251790 



#?LSCI**8#&{£ffl L, ^co#?L«l*Si»£co-*co 
[0 0 0 7] 

[0008] f if, WJ£Lfc.J:5 4*(fl:-b^ 

[0009] ^<d-~1jx, mWMM<nmMVf 1 ti, ifuiii 



f@ co Wi-fe A- t & ¥ {i-fe A- HQ t f f A £ 



ixfc-fe^u— ^S^J: vrntftZthZ-V-^x? y9%, ft 

rtco?agtt, — jR^^as— -c=»7cWft^i:45o * 
fctfj',^ IbMWifflo-frzfx 9 y V ftwW&ir^ffico^ 

*W©JWt-fe/u, f fcfrt,, ft3»»<bSkai>M£S(- 
fo5^-fe^coj&S^ft 1 t)S< fcoT*5!J, rco*fS?a 
Sti li x f-^^ 9 y 9 co^*S?fiS t . \z.\ks<xU#>X 

¥^fiJ$t 0 {12 0 o 0 c-efe5co^^LT, ftiftM 

St, {12 1 5 < C*-C±#Lfcr t«I^ftt^5„ 

[0010] rcoiSfr* M^^^^co^L 

fe-tryv-co^ffirtcomS^Sr^?^ (T1-T6) T"^ 

■ft, 02CO (B) f^f £ 5f-&5„ 'C0g|2A^P^ 

cp^;f|3C0¥.f5-fe7VC0^VNftft?£SffligC0?aS (*^?& 
it) Srtf&iB&erFKf SJ:5fcL-C\ ft£M<?&gfrif 
C0jj£^|g5tf 5; k\Z.t£% a LfciSoT, Mf^^co 



10 



20 



30 



40 



co# < K)*tf[-feyuSr J e5.»ei±tteffl-e3BEf k ft 
^ co IfMS -ir .'H^l CO ?Uit /fi CO x F 4 £ irjS l'T, ifMftir 

-ejltef aftStj&ij. rcrt^ n«a*corS]±co 

4 {-7^ 



[0011] *38^fi s dLbO-tafclE* 

[0012] 

m&fctv—jj^micf&M&uwzitz 1 1 t>{-ftb,^coffi 

*«KS ^rtt^ X ^ &Mi&L, Z CO ffi 

t ^xa f-«icffl«Ji u r as # Srj^fife l t 4 5 mm 

[0 0 13] *f, |f *3S 1 ^|E«©^«*{1, MIB 
i^7"x ^ y 9 co^S^fS] ^^rfpcoir /< u- ^ ^wj? $ 

lix Mffii^^^^ ^^©aJf^l^^^pcoWS-fe^cos 
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[0014] 

ii9-Cfc5o if, B#^lKE*©jBWW6fc*tt N T 
1 o T^cof^ftiJco^-tryur f fl©^]l^|f 1 ]6oae2i 
5 M * IrI ^ co -Wi-fe ^ (DU it L 



■2 



5 

•fe A-eo ft ^ M.mffii$, & Si T t-!£5£ L fcJf-a- tc , 

[ooi5] &t;i, ffi*JS2icEftw^fl;?ih,fc*DV^-r 
Lfc^ tt-4 9, ~cdkjS#;*^M&i*i<£>Kj£#' 
4i*^cDi£fc1r^cDfiS£{fiT£*, 

tSjflff&fF&iaaefcJ: t^T*#, ^tit~4 

[ooi6] * bt, »*s 3 ^mmnmMm-mzio^^ 

S * in] ff 1 ^nC co -fe A-coft M M.8tffl& £ fF^taS W T 

it)ffiMit-5wt^T*§, ^('4 9, 36«SHs*fa± 

LfciSSV^*»ttl6S:i(|tSFi-5 r > &T*$ 3 C 
[001 7 ] 

[H5£fl!l] 

(i) minmm 

ffitil (S&iUJfiW) to^r, H i7i^0 4^#je,L-c 

(a) i±m i ©^mmro^^-fe^ffiwss^Hx 

(b) f±a*©«S«fto¥-'6)[-fe^¥ffi©iaff^H"C 



#K¥6 - 2 5 1 7 9 0 

6 

4> *frtti£ £ & it 6 as * ft co US. ftM & *fc& ft I £ TFrf ? 
77, 13 4 14, HirojKWWfiAitSjfEOjKWISlfeBfc 
o^T , Stents t WJfettfiBSritlfcWI-^i" ^ 5 

[oois] s-f , m i r-'.<-t-j; 5 ic, mm-fh^nm. 

11 a, 1 1 b (7)^^(4, 6i@©Wt/H2a~12 
f t 5iB©-fe/^-^Sl 3 a~l 3 e t 'T.i.' 
LTft31f^:**y* 1 4#E*£*l/-CV3. 
•7^14 Srttfifel-S-fe^U— :?fi 13a~13eC05 
*>, 1 4coaS^"ft^*:tPc0 2f|l|c7)ifiji-lr 
A- 1 2 c , 1 2 d co^tcif A£fotzMM~)5Utii s $kU<» J t 
;<U—?Ul 3 cCDl¥£(4, ffiCD-fe^l/— iS'fi 1 3 a, 
13 b, 13d, 1 3 e CDJ¥£CD 3{f^±(C)¥< Jftt 
V^5. 35c*i, Hfi 5 {4, ^iPtel 1 a, llbtRft 
fe^^ffi^aS&T*fe9, 16, 17 14, Wtt^l2 
a~l 2 f [Ciait^tbfcSlS^'^^iiKT'fcSo 

[0019] «±W4 5 ftfllfi!lSr^5*lllfcWrof^ffl 

(4^coffli3T*fe^o -r^t?*>, ■mn i AftL<Dw&£f^, # 

^■feyU 1 2 a ~ 1 2 f ^b^LfcBi4, ^{ft-fe^ 1 

2 a~l 2 f b-£s<l'—?fcl 3 a~l 3 et?S^*tL 

ZV-zfx* vif i 4co^^H<!>:7eW{-#1!)L, 

yt> 1 4C0fSJiffiJCfe5^£f]tel 1 a , llb}£KJR£*l 
fc-5/tat>, ^*C04 5iC, t/^-^fil 3 a~l 3 e 

co)¥^^^LV^-g-}c(4, El2c?5 (b) {c^-T4 5{-, 
aSi'ft^ife^cDijiji-feyn 2 c, 12 dcoja^sftt 

[0 0 2 0] rtL(C*tLT, *HJ£0t|^j3V>Tli, 

y/; i 4 CO^JliTBl^^acO-fe/^Ix— 1 3 cCO 

J¥$*, fdlCO-fe/NU— ^^1 3 a, 13 b, 13 d, 1 

3 e CDJJ^CD 3{SW±i-)¥< LTV^-5fc*, r<7)ir^Nlx 
— ^1S1 3 c ^ioT-^CDiSqftljCD^-fi-tyH 2 c, 12 

d w\<nmmu^mMM^nu u ^^fcit^-t^ 

12 c, 1 2 dcO^FE^ftcOli^^^ffiiiS-tirSr 
t*#-5o ^cofc*. El 2 co (A) {^-f4 5t-, fflS*' 
ft^^pcD^S-feyw 12c, 1 2 d fa<D¥-W5fa\Z-tSft 

T, rcD^iryU 2 c, 12 d ftCDftjiJfiStSJgCDtfi 

[0 0 2 1 ] fit-, ^§|5cDir/^ U— ^fi 1 3 

a~l 3e?rJ¥< Lfc»&ttt, 7X¥^ftC0«! ; ^^ S 
<bi-ffiil£tL, Wi-fe^cD^B^ftCDra^*(4-aiS 

itx*%z> ti4Pfip>ft^ 0 rtitc^-LT, mitc^-r^is 

<?iJcD4 5 ^SPfi lia, lib HBro^fS-fe/uiifflSfc 



7 

[0 0 2 2] Lfc#ot, ^IgJMkl&^Tfi, ^iP* 
•^^X ^ 3/ ^ 1 4 £r$f J&1-£ 6 ji<7)^fi-fe;u 1 2 a — 1 10 

2 f M<oaj[^Sris— {ki-ar. tas-cts. Tftt? 

T *5 "9 , t , t -9-^ Zyt (D¥-%3M.&. t o t 

mrnxfa ^^co±y< u- ^ scoff $ x /t^mai^ 

©Mtftttowx^ *:JvPix©8,Jift:£* 2 0 0m 20 

0 0°CC0¥*>)?aS to t->FfLTft^?£S t 2 S32 15°C 

o o c605Fj*j?a^ to s^i-as^as t, «2osic-c 

[0 0 2 3] r©i?f, ^Jfeftlt-fc^Tfi, -thy* 
* 5/ ^rt^*J(tS^£S t. t fiS/tS t , tc75^^ 

/H2c, 12d©flSlt, SrfF^M^Tf-lSS 30 

[0024] ftib\ miia^i^ffiMi-tJV^Ttt, ^ipffi 

11 a, 1 1 bf^Wt^X^?^ 1 4S-6i©ffit;I/ 40 

1 2 a — 1 2 f £ 5flH<£>-fe/^U— ^fe 1 3 a ~ 1 3 e IZ 

t«j*l. mm^^^u^iB^ir^u-^mi 3 c 
f 1/ 9 zttto t u -t'^—fu^mmb ltm 



#^¥6 - 2 5 1 7 9 0 

8 

[0 0 2 5] ( 2 ) 2 HJSM 

[0 0 2 6] ST. El 5 {.r^Ti; 5 P^i-?)^±PK 
11a, lib (Dma-± s 5fa<Dmt-teA> 1 2 a ~ 1 2 
e £ 4fiOt/<l/- ^tSl 3 a~l 3 d b &3££i-H§ 

y ^ 1 4 ^SJST 5¥fit;> 12a-12eOH> f" 

14 ^S^foi^ifcSPro l fi»Jp.{i-t;u 1 2 

|©4fi©||i[t/H2a, 12b, 12d, 1 
2 e ©#jST5a£;tf*}fil88 1 6»?IcO)^§t7)2^(i 

;H 2 c ©ff $ ii N ^:fi£i^-<D'^.{\L±;V 1 2 a , 12 
b, 12d, 1 2 e^jf^J; Q tJ¥< ftoTV^5 0 ft 

fc\ Mtyu l 3 c wfi.*coSJS^'^»ftiii^l 7 (D'M(D 

il^lt H»|fit;H2a, 12b, 12d, 12e 

wMJS-raSJS^xijftiiSgl 7 wftcogi^ t^L< 

[0 0 2 7] K±C75 ± 5 5#H;ft0!l«offtS 

-jTsi/yV 1 4 ©SfJf^lRltf' *ai<DWit;w 1 2 c«S 
jS^^SEiigS 1 6 <£>jf ftfeOD^-fe^l/ 12a, 

12 b, 12d, 1 2 e 60?#C0?^$(O 2{§£ LT, ^(D 

1 2 c <o£fS#;x State l 6 oSlS^^^catc 
iot, ^i-tr;H 2 c ^r^iPi-Sr £^T#5o ^» 

t;H 2 c ^»^B^p ; 1 ]|rfcnt5MfPWftffifi§|5*ft< 
[0 0 2 8] Lfe^ot, ^HJfeW-fe^Tk, MfiH 

5{0CO^i-fe^ 1 2 a ~ 1 2 e WOaft^S:*?)— {kT 
ffll Wfe A © y * * y ^ rt W^Jl^ffi] if A*5 
t 2 ±«? ti£<ft^, ft^rfiJSt, b-$-7*9y#<D¥- 

xmm%zm~m.febLtc'&%;(Dmnnmb, 



(6) 



fKV&MQfc.. 2 0 0mA/cm 2 (D&ffititmX- 

(4, ffiifcLfcJ: 2 o o°c<nW-m&& t. tcMLT 



09©*isis**tff±, mmm i t piait, 2 0 0 °c 
fd 

[0 0 2 9] ^<D£,o\Z, ^HffiW-fcl^Tt), Mian 

1 i HUtd, *^^y^rtt-43lt5ftiHiaS t 

, i¥^fiSt, i^£^-4 9 Vh^-Tr^S^ 

HJl^^^ifcgP^ WiL-fe^ 1 2 c 60ftia^S t , £ 

8WBSB 1 11*09 i: 

[0 0 3 0] ffifE^2HJ|^!|^43^T(4 v fig* 

Gjf*W©]|M£-fe-rt'l 2 c<0— #©Rj£#;*ii:»I&i 6 

[0 0 3 1] ( 3 ) H 3 HJfe^il 

£^iftt-^1-|^l3T-$>5„ ft*?, fulfill, H2* 

[0 0 3 2] Sf, m 6 [C^-T J; 5 HSH"5}^Slft 
11a, lib CDP^-tt, 6ffl6DW4-fe^ 1 2 a ~ 1 2 
f fcaiLTftSIf:/**** 1 4^|ag$fLTV^o 
^<Z>V7*X? 1 4W^jf;£fa4 , :fc^»2j@Wl|Mft-tr 
;H 2 c , l 2 d ©flflfctt. l ^<r>mm. 2 l isjf A£ 

mffiXft [s]«co#?LK^*Sfr e> flfric $ fix V ^3 o 
^ LT, r <DX b 4#?UW4©»«tR 2 l ©tfffifctt. 
0 7t*i-«t5»-, KJS#*$ftfflB&2 2^M^tiTJJ 

te^H^^t^, WE-feA- 12c, 1 2 d tfe!M£2 1 
t^^f-fi, 6il(Oir^U— ^^1 3 a~ 1 3 f 
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20 



30 



40 
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10 

[0 0 3 3] «±©J:5*«fiS;«r^ri-5*llifiW«)ffffl 

}47£cDiI>9 -efcS 0 1-ftfc>*>, ^SlJgWcfc^Tte, If 
-f* ?y? 1 4 COflS*^ ff'^gpro^-fe^ 12c, 1 
2 dP^, l£}fALfcfc» x t©MK2 1 

tiot, -?:<7)M{||»^-feyH 2 c, 12d^^ip-f 
Srt^lS. ftfc:, **Jfe«^*5^Ttt. Steffi 2 

m&2 2(Dfcj&0xmmi l z.£.ix, ^mw^^^i^M 
<i-5rt*ST#5. ztDtctb, mmmi. m2mmm 

® 5 l z iB*l*0fc*s»t5«SBfl«j4ifiSja«B*4< U it*^ 
Sr±&— {kLT, '©ffityn 2 c, 1 2 d rt«f Si£ 

[0 0 3 4] Lfc^ot, #Sli£#li-*5V^Tk, rIjIE® 

6 {@»-Wiir^ 1 2 a ~ 1 2 f M©a*^**^ 

MU&ti £.>0 t(S<4')» tUfitt, tih^^^-^ 
if, ^ y ^ rt^ScflRS«:«rfc35i:v^*©J|RWWfi 

2 0 OmA/ c m 2 W^^ffiT— ^Uffl^WSJ^^^ 
2 0 O t C605F15?aS to (Cl>itLT*iSjatf t 2 14 

(4, (uie^ 1,^2 mm.m t mmiz., 200 ■c©spjs?a 

[0 0 3 5] ^»4 5i-, JfMMW^&^'Xh, mJfE^ 
1, B2^ffi«ir[p]«i-, U-^^i? y*rtfc*s»*5*i«5 



50 



5^*, flii^tRj^^fiO^fiir^H 2c, 12dO| 

**Ai4, 'ifc&vmnmmBi-kt^xfemzM^^mm*. 



(7) 

11 

[0 0 3 6 ] ft:fo\ iffBHJ£M^*JV^Tfi, ftii 2 1 

«2 l*2fl&±fttt3fl*j£t>'5rte-eS>3. 
[0 0 3 7] 

Jiflcroi>-^^y^it'*Sls^*ilt5^ieiJ«jj!i:i«aSlJSr/j: 
5 C Ltfot, fcJlfc^roiltefiSSrtlF&i&Afc:.]: 

o 

[01] *»MtJ:3ilSM«JfeoJBlllltW©afflfra) 

[0 2] llwifttltttwlStilio^T, -t 
(D-fZfX? y? (*Ic73||Ji^fB]4i^fP(7)l|ifi-fe;ucD^®rt 

[@i] 
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teste *i«iis& 




#P^¥ 6-2 5 1 7 9 0 
12 

* (B) ii^^wTOmffiro^S-feyU^BOMa^EIo 

[0 3] 0 1 W^f4«*Ai^*CO^a*B^Ol/N 

5 m Jf ^7 [6] (7) fiS £ J±KW ft -f y* 7 ? . 
[0 4] 0 1 »B^**Ai^cO»«}1iiB^oVN 

[0 5] *55M{cJ:5iR^®?i&»^2|li6M»fl[Sfl:<o 

[0 6] *wmc £ zMfmrncom 3 mMm<vmmte(v 

[0 7] 0 6OScmte^«5CW('^1-f4ffi0„ 

[0 8 ] ^f4m*ffwf#3££^-f£4m0o 
l ■•■fjUBfr 

3 • IJ- 

4 -if^-7=*— ;w K 

5 /i4f 

t i ~t 6 -^mn 

11a, 11 b-ffriPtE 
1 2 a — 1 2 f -^.^L-iryW 
1 3 a ~ 1 3 f 
1 4—yr-f*#?/9 

1 5---^ffiMiiS§ 
16, 1 7-SJ£#*»fc31Sg 

2 i -mmu 

2 2-Rj£^«tiiK 
2 3 ••• yU£|S 
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